BACKGROUND: Surgical treatment has modest efficacy for the treatment of infertility associated with early-stage endometriosis. Immunomodulation with pentoxifylline is considered as a new strategy potentially useful in treating endometriosis. Thus, this study investigated the usefulness of combined laparoscopic surgery and pentoxifylline therapy in the treatment of infertility associated with minimal to mild endometriosis. METHODS: A prospective, randomized, controlled blind trial was conducted. Patients entered the study immediately after laparoscopic surgery and were randomly assigned to the treatment with either oral pentoxifylline (800 mg/day) (pentoxifylline group, n 5 51) or an oral placebo (placebo group, n 5 53). Patients were then observed for pregnancy for 6 months. RESULTS: Among 98 patients finally considered in the evaluation of the results, the 6 month overall pregnancy rates were 28 and 14% in the pentoxifylline and placebo groups, respectively. Thus, an absolute difference of 14% (95% CI 22 to 30) (Chi-squared test, P 5 0.1) in the cumulative probability of pregnancy in 6 months after laparoscopic surgery in patients receiving pentoxifylline versus placebo post-operatively was observed. CONCLUSION: Our findings provide preliminary clinical evidence to suggest the new experimental treatment approaches, toward endometriosis, that are based on immunomodulation deserve further attention. Well-designed multicenter trials are warranted to confirm or refute our results.
Introduction
Current guidelines for the treatment of stages I-II endometriosis-associated infertility recommend ablation of endometriosis lesions plus adhesiolysis to improve fertility (Kennedy et al., 2005;  The Practice Committee of the American Society for Reproductive Medicine, 2006) . This recommendation is based on a meta-analysis of two similar but contradictory randomized controlled trials investigating the effect on pregnancy rates of surgical ablation or resection of the endometriosis lesions (Marcoux et al., 1997; Parazzini, 1999) . When the results of the two studies were combined, the absolute treatment difference was 8%, yielding a number needed to treat of 12, thus indicating that for every 12 women undergoing laparoscopy that have ablation of minimal or mild endometriosis lesions, there will be one additional pregnancy, compared with not doing ablation. Thus, it was concluded that there is a statistical evidence for a slight beneficial effect of surgical removal of the lesions, but the size of this effect is small and may be short-lived (ESHRE Capri Workshop Group, 2004) .
The modest efficacy of minimal to mild endometriosis ablation in increasing the pregnancy rate in infertile women may be explained by the fact that the surgical treatment can remove visible lesions but will leave behind a number of occult ones, which, after removal of the visible lesions, may develop into minimal endometriosis and proceed from there (Evers, 2004) . This would explain why the optimal time for conception to occur is within the first months following surgical resection (Silverberg, 1992; Donnez et al., 2003) . On the other hand, considering that the monthly fecundity rate among women who underwent laparoscopic surgery is lower than the rate expected in fertile women, it must be assumed that the destruction of visible endometriotic implants do not affect all factors by which minimal and mild endometriosis contributes to infertility (Marcoux et al., 1997) . In other words, it is possible that the visible lesions contribute only a small fraction of the reduced fecundity seen in women with early-stage endometriosis (The Practice Committee of the American Society for Reproductive Medicine, 2006).
On the above evidence, combined therapy involving surgical excision of visible endometriosis followed by the administration of ovulation-suppression hormones to treat potential residual lesions has been extensively used (Winkel, 1999;  The Practice Committee of the American Society for Reproductive Medicine, 2006) . The goal is similar to that commonly applied in then treatment of ovarian cancer, i.e. cytoreductive surgery followed by chemotherapy. By definition, however, post-operative hormone therapy in patients with endometriosis prevents attempts at conception during what may be the optimal time for conception to occur following surgery. Therefore, a surgical and post-operative medical therapy combined approach avoiding ovulation suppression would be warranted for treatment of endometriosis-associated infertility. In fact, the need for clinical trials assessing potential new medical treatments combined with surgical therapies has been recently stressed (Olive, 2003; Guidice and Kao, 2004; Olive et al., 2004) .
It is now generally accepted that the immune system is involved in the pathogenesis of endometriosis. Although the peritoneal fluid of women with endometriosis contains increased numbers of immune cells, these facilitate rather than inhibit the development of endometriosis. Also, endometriotic lesions secrete several proinflammatory molecules and the pelvic inflammation in women with endometriosis contributes to the development of their most common complaints, pain and infertility (Nothnick, 2001; Seli and Arici, 2003; Guidice and Kao, 2004) . Thus, the use of general immunomodulators is considered as a new strategy potentially useful in endometriosis (Nothnick, 2001; Nothnick and D'Hooghe, 2003; Olive, 2003; Olive et al., 2004) . In fact, early experimental work showed that immunomodulation affects both endometriotic implant growth and endometriosis-associated infertility (Steinleitner et al., 1991a,b,c; Nothnick et al., 1994; Keenan et al., 1999; Badawy et al., 2001) , but available data in the clinical setting are limited and indefinite (Balasch et al., 1997; Alborzi et al., 2007) .
Therefore, this prospective, randomized clinical study was undertaken to investigate the usefulness of combined laparoscopic surgery and pentoxifylline therapy for the treatment of early-stage endometriosis-associated subfertility.
Material and Methods
A total of 98 patients were finally evaluated in a randomized controlled blind trial investigating the effect of pentoxifylline therapy after laparoscopic surgery on future fertility in infertile women with asymptomatic endometriosis. The study was approved by the Ethics Committee of our hospital. Because in our previous clinical trial using pentoxifylline alone, all patients who became pregnant did so within 6 months of starting therapy (Balasch et al., 1997) , this was the period of treatment and follow-up allowed by the Committee for the current investigation. Patients were recruited after a laparoscopy for infertility involving minimal or mild endometriosis which had been diagnosed and treated surgically. All patients with other pelvic disorders such as adhesions and tubal obstructions in addition to endometriosis were excluded. Patient characteristics and inclusion criteria were thus similar to those reported in our previous study (Balasch et al., 1997) . All women had complained of at least 12 months of asymptomatic primary infertility and none of them had previous pelvic surgery, clinical or laparoscopic-laparotomic diagnosis of endometriosis, or previous therapy for this condition. All the subjects were regularly menstruating (menstrual cycles of 26-33 days) premenopausal women 23-37 years old and having a normal body mass index (BMI) of 19-26 kg/m 2 . Diagnostic evaluation for infertility included semen analysis, post-coital test, assessment of ovulation by mid-luteal progesterone and prolactin determinations, hysterosalpingogram (and hysteroscopy when necessary) and laparoscopy. Patients with other infertility factors were included if those factors were correctable and ultimately assessed to be non-contributory.
In all cases, diagnosis of endometriosis was made by laparoscopy as previously reported (Balasch et al., 1996 (Balasch et al., , 1997 . Briefly, a systematic evaluation of all pelvic peritoneal surfaces was carried out in all patients, endometriosis was staged according to the revised American Fertility Society (1985) scoring, and superficial ovarian and peritoneal endometriosis was classified as red lesion, black lesion, or white lesion (Brosens et al., 1993) . Biopsies of suspicious lesions were taken when the visual diagnosis of endometriosis was in doubt (six cases) and were considered positive for endometriosis only when a histopathological study revealed the presence of endometrial glands and stroma (five cases). All laparoscopies included tubal dye perfusion. The laparoscopic surgical treatment involved the destruction of all visible endometriotic implants by cautery.
Patients entered the study immediately after laparoscopic surgery and all of them gave written informed consent. They were assigned, according to a computer-generated randomization list generated using the method of simple randomization, to one of the following treatments: oral pentoxifylline (Elorgán, Aventis Pharma, Madrid, Spain) 400 mg twice daily (n ¼ 51) or an oral placebo (n ¼ 53) to be taken twice daily. Concealment of treatment allocation was achieved with the use of sealed opaque envelopes each containing a unique study number and prepared independently by a secretary. Treatment was started with the first menses following laparoscopic surgery and patients were then observed for pregnancy for 6 months. During this period, other infertility factors such as male problems or ovulatory defects were treated with the appropriate therapeutic modalities including intrauterine insemination with husband or donor semen and/or ovulation induction. Remarkably, patients, who had been treated for additional correctable infertility factors before laparoscopy, received the same additional infertility treatments during the same number of cycles after endometriosis was treated surgically. This was also true for those couples empirically treated with intrauterine insemination plus ovulation induction before laparoscopic surgery. Thus, patients were their own control for additional infertility factors, which adds to the homogeneity of the study groups. Pregnancy was diagnosed by ultrasonography, and if so, treatment with pentoxifylline or placebo was discontinued.
Data were analysed by Statistics Package for Social Sciences (SPSS) statistical software using Chi-square test, Mann-Whitney U-test and Fisher's exact test. Results were expressed as mean (SD). P , 0.05 was considered significant.
Results
A flow chart of inclusion, randomization and drop-out of patients treated in the study is shown in Fig. 1 . There were 104 patients who were initially randomized but, in total, the responses of 98 patients to either pentoxifylline (n ¼ 47) or placebo (n ¼ 51) after laparoscopic surgery were finally evaluated. All these 98 patients took the drug or placebo regularly Pentoxifylline treatment of endometriosis and actively tried to become pregnant during the 6-month study period. Table I shows baseline characteristics of the patients and the distribution of other infertility factors in each study group. Both treatment groups were similar regarding age, BMI, duration of infertility, prevalence of endometriosis by revised American Fertility Society (1985) classification, and diagnosis of appearances of the condition. The frequency of additional correctable infertility factors and additional infertility treatments were also similar for both study groups (Table I) .
Among 98 patients finally considered in the evaluation of the results, there were a total of 20 pregnancies, giving 6 month overall pregnancy rates of 28 and 14% in the pentoxifylline (n ¼ 13 gestations) and placebo (n ¼ 7 gestations) groups, respectively. Thus, an absolute difference of 14% (95% CI 22 to 30%) (P ¼ 0.1) in the cumulative probability of pregnancy in the first 6 months after laparoscopic surgery in patients receiving pentoxifylline versus placebo postoperatively was observed (Fig. 2) . One patient in the pentoxifylline group miscarried at 5 weeks gestation.
When patients were categorized as pregnant or nonpregnant, according to treatment regimen, again the presence of corrected additional infertility factors did not appear to influence the rate of pregnancy by Fisher's exact test (Table II) .
Discussion
The hypothesis that endometriosis causes a decrease in fecundity or infertility remains controversial. Whereas there is a considerable evidence to demonstrate an association between endometriosis and infertility, a cause and effect relationship has not been established in early stages of the disease where there is no disruption of the pelvic anatomy. Accordingly, the management of this disease is a source of controversy and so far no consensus has been reached (Donnez et al., 2003; Nezhat et al., 2005 ; The Practice Committee of the American Society for Reproductive Medicine, 2006) . This notwithstanding surgery has been extensively used in an attempt to enhance fertility on the premise that the eradication of the disease should improve fecundity and on the evidence that the ablation of endometriotic lesions in minimal -mild endometriosis is effective compared with diagnostic laparoscopy alone (Kennedy et al., 2005;  The Practice Committee of the American Society for Reproductive Medicine, 2006) .
In fact, originally the disease was felt to be the best treated surgically and with the progressive development of operative laparoscopy, the treatment of endometriosis could be instituted at the time of diagnosis, resulting in a more efficient but not necessarily more effective therapy. However, as the complexity and chronicity of endometriosis has been recognized, the pendulum has been swinging relentlessly towards medical options and it is now accepted that medical treatment that can induce a generalized suppression of the disease is necessary (Nothnick, 2001; Olive, 2003; Evers, 2004; Olive et al., 2004) .
The medical treatment of endometriosis has long centered upon inducing a hypoestrogenic environment by producing pituitary suppression using hormones such as progestogens, oral contraceptives, danazol, GnRH-agonists or gestrinone generally given over 6 months. However, a quantitative overview of controlled trials in endometriosis-associated infertility showed that hormonal therapy is an ineffective treatment for this condition (Olive, 2003; Kennedy et al., 2005 ; The Practice Committee of the American Society for Reproductive Medicine, 2006) . Remarkably, it has been stressed that what is frequently overlooked is the fact that not only do these hormones fail to enhance fertility, they may also delay fertility in that the patient is unable to conceive while being medicated for several months (Olive, 2003) . If those controlled trials are reanalysed with follow-up beginning at the time of diagnosis rather than at the conclusion of therapy, medical therapy is significantly worse than no treatment, with a relative risk of 0.60 (95% CI 0.38-0.93) (Olive, 2003) . Thus, suppressive medical therapy for early-stage endometriosis may in fact be counterproductive to the subfertile patient. This drawback becomes even more important in the infertile patient with endometriosis treated surgically because traditional post-operative hormone therapy interferes with ovulation during a critical period for conception (Silverberg, 1992; Donnez et al., 2003) .
Among new medical treatments proposed as potentially useful for endometriosis, pentoxifylline is an exciting and promising candidate. The following facts support this contention. First, this medication influences both the production of inflammatory mediators and the responsiveness of immunocompetent cells to inflammatory stimuli. As endometriosis is a disease associated with immune and inflammatory disorders, this medication has a rationale in an attempt to correct immune dysfunction (Nothnick, 2001; Olive et al., 2004) . Second, in the animal model, pentoxifylline is capable of inducing regression of endometriotic tissue without inducing a hypoestrogenic state (Nothnick, 2001; Nothnick and D'Hooghe, 2003) . Third, it has been shown that pentoxifylline administration can reverse endometriosis-associated infertility in hamsters with surgically induced disease (Steinleitner et al., 1991a,b) . Fourth, as it is not an inhibitor of ovulation, pentoxifylline can be administered throughout the time period of attempting conception. Finally, previous work by us (Balasch et al., 1997) and the current investigation support the notion that pentoxifylline therapy may play a role in the future (Nothnick and D'Hooghe, 2003; Olive et al., 2004) when used alone or after laparoscopic surgery to improve fertility in patients with stages I-II endometriosis. However, several features deserve comment in this regard.
First and most important, our two clinical trials were undertaken as preliminary studies and the number of patients recruited was small from a biometric point of view. However, the sample size required to test the efficacy of most interventions purported to significantly improve pregnancy rates is often prohibitively large (Daya, 2003 (Daya, , 2006 . This is well exemplified by the current study. Meta-analysis of the two randomized trials investigating the usefulness of laparoscopic surgery for subfertility associated with endometriosis showed that the pregnancy rate in treated patients (26%) was significantly higher than among control women (18%) (Jacobson et al., 2002; ESHRE Capri Workshop Group, 2004) . Thus, when planning the study, we could assume a control event rate (i.e. expected pregnancy rate in patients treated with laparoscopic surgery and placebo) of 25%. In infertility research, any experimental intervention (e.g. pentoxifylline therapy after laparoscopic surgery) that can produce a treatment difference of at least 5% is considered as having clinical value (Daya, 2003 (Daya, , 2006 . Detection of this magnitude of difference in clinical pregnancy rates (i.e. 25 and 30% in placebo and pentoxifylline treatment groups, respectively) would require a sample size of 2500 using a twotailed hypothesis test with probabilities for types I and II error set at 0.05 and 0.2, respectively. This number is far greater than we were capable of generating in our single center study in a reasonable time period. However, in this era of meta-analysis, it is useful to provide the results of well-designed studies, even those that have low power. This is noteworthy considering that the use of pentoxifylline for treatment of endometriosis should be still considered 'experimental'. A procedure for the treatment of infertility is defined 'experimental' until there is scientific evidence indicating safety and efficacy (i.e. that the treatment is associated with a higher pregnancy rate than non-treatment of an existing condition) based on at least two appropriately designed studies (The Practice Committee of the American Society for Reproductive Medicine, 2004 ). This study is intended to stimulate future larger, adequately powered, probably multicenter trials or other investigators to address this issue and provide a larger basis for eventual meta-analysis of small randomized trials in order to help clarify the value of this approach.
Although we included a limited number of patients, our sample size was still higher than the number of cases included in the only five randomized controlled trials on hormone therapy for endometriosis-associated infertility having no treatment or a placebo as a randomly allocated option in one arm of the study (Olive, 2003; Evers, 2004) . Thus, the results were not statistically significant but they are intriguing nonetheless, considering that we previously reported nearly a doubling (31 versus 18.5%) of pregnancy rates in women with endometriosis treated with pentoxifylline versus placebo (Balasch et al., 1997) and an absolute difference of 14% in the cumulative probability of pregnancy in the 6 months after laparoscopic surgery in patients receiving pentoxifylline versus placebo post-operatively (this study). This means that a potential beneficial effect of pentoxifylline is attained irrespective of being preceded by laparoscopic treatment of endometriosis or not.
Our results are in disagreement with a recent randomized clinical trial concluding that pentoxifylline therapy after laparoscopic surgery of endometriosis is not useful to improve treatment of infertility (Alborzi et al., 2007) . It should be noted, however, that there were some important methodological differences between the current investigation and that previous study (Alborzi et al., 2007) . Remarkably, we included only infertile patients with early-stage endometriosis in our study, while in that previous report (Alborzi et al., 2007) as many as 72% of 43 patients treated with pentoxifylline and 78% of 45 controls had stages III -IV endometriosis; most of them complained of pelvic pain, and thus surgical treatment was the recommended and indicated approach in the vast majority of the whole study population (Kennedy et al., 2005;  The Practice Committee of the American Society for Reproductive Medicine, 2006) . The need to differentiate patients with minimal or mild endometriosis from those with moderate or severe forms of the disease as well as patients with endometriosis-associated pelvic pain from those with endometriosis-associated infertility, when analysing the efficacy of medical and surgical treatment of infertile patients with endometriosis, has been emphasized (Donnez et al., 2003;  The Practice Committee of the American Society for Reproductive Medicine, 2006) . Furthermore, as in our previous report (Balasch et al., 1997) and as previously recommended (ESHRE Capri Workshop Group, 2004; Evers, 2004) , we included only infertile but otherwise healthy women having stages I-II endometriosis but no adhesions, in order to specifically address whether it is surgical (and/or medical) treatment of endometriosis (and endometriosis only and not adhesiolysis or removal of adhesions) that improves fertility. In contrast, in the study by Alborzi et al. (2007) , an unspecified number of patients had endometriomas that were treated by cystectomy and sutured or fulgurated and coagulated. Finally, we included only patients with primary infertility while in that previous report (Alborzi et al., 2007) , 22% of patients had secondary infertility. Therefore, overall, this study included a much more homogeneous study population which, in addition, was more suitable for immunomodulation therapy.
In summary, this study and previous work from our group (Balasch et al., 1997) suggest that immunomodulatory therapy with pentoxifylline alone or after laparoscopic surgery may be a potentially useful treatment in early-stage endometriosisassociated infertility. We generated single-center trials showing higher, albeit not statistically different, pregnancy rates with pentoxifylline treatment versus placebo. Our studies had low power and thus, well-designed multicenter trials are warranted to confirm or refute our results. Considering the difference in pregnancy rates between the two treatment arms obtained in the current study, a sample size of 141 patients per group would be necessary in order to provide 80% statistical power of avoiding a type II error, and a 5% chance of making a type I error. This is in agreement with the number of patients reported in the only randomized clinical trial indicating that surgical treatment may increase the likelihood of pregnancy in subfertile endometriosis patients (Marcoux et al., 1997) . For an absolute treatment difference of 10%, the total sample size required would be 476 subjects. Our findings, however, provide preliminary clinical evidence supporting the notion that the design of new experimental treatment approaches, toward endometriosis that are based on immunomodulation, deserve further attention (Evers, 1993; Gleicher, 1995; Nothnick, 2001; Olive et al., 2004) . The differential effect of immunomodulation on fertility on one hand, and on the progression and deterioration of endometriosis lesions on the other, should be one of the focus points of future research in this direction. Finally, it should be noted that there are no well controlled teratogenicity studies in pregnant women receiving pentoxifylline in the early stages of pregnancy. However, reproduction studies in rats and rabbits at oral doses up to 4.2 and 3.5 times the maximum recommended human daily dose have revealed no evidence of teratogenicity and in fact, profertility effects of pentoxifylline have been reported in rats (Ramey et al., 1994; Kurtoglu et al., 2007) . In the clinical setting, pentoxifylline is being used in dermatology as an alternative to teratogenic drugs such as thalidomide (de Carsalade et al., 2003; Sales et al., 2007) , and preliminary studies in infertile and IVF patients by us (Balasch et al., 1997) and others (Rizk et al., 1995; Lédée-Bataille et al., 2002; Letur-Konirsch and Delanian, 2003; Alborzi et al., 2007) are reassuring.
